Objective: We aimed to evaluate the effects of transcranial direct current stimulation (tDCS) on chronic pain in human T-lymphotropic virus type I-infected patients.
H uman T-lymphotropic virus type I (HTLV-1) is a retrovirus that causes a chronic infectious disease and is associated with progressive neurological damage. 1 Some patients infected with this virus present motor, sensory, and autonomic functional deficits. [2] [3] [4] [5] Among the clinical manifestations of this disease, chronic pain has been frequently observed. [6] [7] [8] One study found that >84.5% of HTLV-1infected patients reported chronic pain, having an incapacitating effect in most of the cases. 7, 9 Although the mechanisms of pain in HTLV-1 are not fully elucidated, current evidence suggests that spinal cord degeneration may lead to secondary central sensitization. 6, 8 Given the central changes associated with this condition, current analgesic therapies commonly fail to provide sufficient relief for chronic pain. 10 Therefore, new alternatives for pain relief using targeted central methods of neuromodulation may be desirable due to its central effects. [11] [12] [13] [14] Transcranial direct current stimulation (tDCS) has shown promising results in inducing cortical plasticity with clinical benefits in neuropathic and nociceptive pain settings. [15] [16] [17] [18] In tDCS, a weak electric current is delivered to the cerebral cortex through the scalp. 19 The exposure of neural cells to a constant monophasic electric current induces modifications in their membrane excitability, resulting in local and distant plastic changes. 12, [20] [21] [22] [23] [24] Although a single session of tDCS is associated with transient effects in cortical excitability, it has been shown that daily sessions of anodal tDCS can induce longer-lasting effects. 11, 17, 25 Nevertheless, although the initial trials show general positive results, there is limited evidence of the analgesic effect of tDCS applied to the primary motor cortex (M1). 26 We aimed to assess the effects of tDCS on pain intensity, and secondarily on pain characteristics and motor function, in HTLV-1-infected patients. We hypothesized that 5 days of active tDCS to the M1 would result in significant changes in pain intensity when compared with patients receiving sham treatment.
MATERIALS AND METHODS

Study Population
The study consisted of a randomized, sham-controlled clinical trial conducted at the Reference Center for the Integrated and Multidisciplinary Treatment for HTLV-1 and Viral Hepatitis of the Bahian School of Medicine and Public Health (EBMSP). The study included HTLV-1infected patients, aged 18 years and older, with stable pharmacotherapy in the preceding month and with chronic low back and/or lower limbs pain. Chronic pain was defined as pain reported at least 4 days in a week at the same site, lasting >6 months and with intensity Z4 on a 10-point Visual Analog Scale (VAS), in which 0 = "no pain" and 10 = "worst possible pain." Individuals with cognitive impairment; a metal implant in the head; history of drug abuse; significant heart, lung, kidney, or skin disease; thyroid disorders; or women who were pregnant were excluded.
The study was approved by the Research Ethics Committee of the EBMSP, No. 238/2010, in agreement with Resolution 196/96 of the National Health Council (Brazil). Written informed consent was obtained from all participants.
Randomization
Participants were randomized using a stratified randomization strategy with pain as the stratification factor. To ensure that pain levels would be similar between the 2 groups, patients were allocated according to pain intensity at baseline. Participants were divided into 2 strata using a pain intensity cutoff of 7/10 (VAS). A previously generated randomization list was used to allocate the patients to each stratum, in accordance with the order of their entrance into the study. A researcher who was not involved with assessments or interaction with participants randomized and allocated the patients (M.E.M.).
Assessment Methods and Instruments
Blinded researchers performed assessments (G.S.G., L.B.G.). Pain evaluation was restricted to the most important pain site reported. Pain intensity was assessed using a 10-point VAS, and the pain components were discriminated using the Brazilian version of the Short Form McGill Pain Questionnaire. 27 Type of pain (neuropathic or nociceptive) was evaluated using the Brazilian version of the DN4 questionnaire (Douleur Neurophatique 4). 28 Pressure pain threshold (PPT) was assessed with a pressure algometer (Pain Diagnostic & Thermographics Great Neck, New York). 29 For this evaluation, patients were comfortably, with both feet on the floor, and pressure was applied bilaterally to the tibial tuberosity at the rate of 1 kg/s until the minimum pressure to trigger pain was reached. Two measures were taken, one to each tibial tuberosity, and the average of this was used in the final analysis. This specific measure aimed to determine whether there was a systemic analgesic effect as a result of the treatment protocol. Gait performance was evaluated by the Timed Up and Go (TUG) task. 30 Quality of life was assessed using the SF-36 inventory, 31 and depression using the first module of the Mini International Neuropsychiatric Interview (M.I.N.I). 32 Data regarding demographic characteristics, type of pain (DN4), quality of life, and depression were collected only at baseline to assess whether the groups-tDCS and shamwere comparable in regard to significant variables in patients' pain, and because the instruments were not sensitive to detect changes after a 1-week period.
Intervention-tDCS
Trained researchers (B.T.G., I.C.B., and R.G.G.) conducted the stimulation protocol. For the treatment procedures, we used a tDCS montage that has been extensively used: an anode was placed over the C3 position, corresponding in the International 10/20 EEG System of Electrode Placement 33 to the left M1, and the cathode over the right supraorbital area. The stimulation was performed using pairs of silicone-sponge surface electrodes, and a clinical electro-stimulator (Striat, Ibramed, Brazil).
Most of the patients in this study had an Afro-American hair type, causing difficulties in exposing the skin during the application of tDCS, and so a 5Â 5 cm electrode was chosen to increase the current density and to provide more effective stimulation. 34, 35 The current was delivered at 2 mA for 20 min/d, for 5 consecutive days. Current was gradually increased on the first 30 seconds and decreased on a similar pattern at the end of the stimulation.
For the sham group, the same parameters were used, but the current was only turned on for the initial 30 seconds. This treatment was also performed for 20 min/d for 5 consecutive days. The monitoring of possible adverse effects was conducted by the application of a tDCS adverse effects questionnaire after each treatment session.
Statistical Analysis
The sample size calculation was based on a previous study. 15 An estimation was performed by considering a repeated-measures analysis of variance (ANOVA) between factor comparison, using F-value of 61.1, a-value of 5%, study power of 80%, 2 groups, 6 measures, and correction between repeated measures of 0.5. The sample size estimation was 16 individuals-8 per group (G*Power 3, Germany). We decided to use 10 individuals per group to prevent losses on the follow-up.
Data were analyzed according to their distribution and was presented in terms of central tendency and dispersion (mean ± SD or median [25th to 75th quartiles]). The comparisons between baseline characteristics of tDCS and sham groups were performed using the w 2 or Fisher exact test for the categorical variables. For continuous variables (PPT, TUG, and McGill), parametric or nonparametric tests were used after testing for normality (paired-paired t test or Wilcoxon; unpaired-unpaired t test or Mann-Whitney). The evaluation of pain intensity over the days, within both groups, and between the treatment groups, was performed using repeatedmeasures ANOVA. The dependent variable in this test was pain intensity and the main factors were Group (stimulation vs. sham), Time (at baseline and after each day of stimulation), and GroupÂ Time, followed by a post hoc test with Bonferroni correction. The between-groups comparison of repeatedmeasures ANOVA was the statistical analysis used to evaluate the main effect of the primary outcome of the study. For the assessment of each group separately, the repeated-measures ANOVA was performed with pain intensity as a dependent variable and Time as the main factor, followed by a post hoc test using the Bonferroni correction. Neuropathic pain patients were also evaluated in a separate analysis, to consider if there was a different pain behavior in this group. a-value was established at 5% (P < 0.05) with a study power of 80%. Finally, separate analyses comparing responders to nonresponders were carried out using cutoffs of 30% and 50% reduction in pain intensity. All the randomized patients were analyzed according to the randomization assignment (intention-to-treat analysis). We used the method of last observation carried forward. Data analysis was performed using the Statistical Package SPSS (version 19.0) by 2 blinded researchers (A.F.B. and F.F.).
RESULTS
Twenty individuals were initially included in the study and 10 patients were randomized to each study group. Two patients from the sham group were withdrawn from the study after the first and second session of treatment due to protocol violation (the regimen of analgesic used was changed-both patients reported the use of corticosteroids due to an increase in pain) ( Fig. 1 ). Data regarding VAS pain scores was analyzed using the principle of intention-totreat analysis (last observation carried forward). This proceeding was not considered for TUG, McGill, and PPT, as these measurements were only performed on the first and last days of treatment. The sociodemographic, clinical, and baseline characteristics of the studied groups are shown in Table 1 .
Adverse events (AEs) were reported in 10 (100%) patients in the tDCS group and 9 (90%) patients in the sham group. Among the patients reporting in at least 1 session of treatment, the average number of days in which an adverse effect was registered for each patient was 3.3 in the tDCS group and 2.9 in the sham group. Table 2 shows the frequency of each AE reported. The majority of these symptoms began in the first 30 seconds of intervention, and lasted from a few seconds to a few minutes. In all cases, the intensity of these symptoms was reported to be mild and tolerable.
Evaluation of daily VAS pain intensity scores from both groups using repeated-measures ANOVA demonstrated a significant effect for Time (F 2.71,48.86 = 18.55, P < 0.001), but not an effect for Time Â Group interaction (F 2.71,48.86 = 2.68, P = 0.06) or Group (F 1,18 = 2.55, P = 0.13). Mean VAS scores at baseline and after each day of intervention are depicted in Figure 2 , and also presented in Table 3 .
When variances were compared for each isolated group (tDCS and sham), repeated-measures ANOVA of VAS pain scores in the tDCS group determined a significant effect for Time (F 1.93,17.37 = 13.2, P < 0.001) within subjects. Post hoc analysis revealed that VAS pain scores from the second, fourth, and fifth days of stimulation differed from baseline (mean difference from baseline VAS scores: D1 0.62, P = 0.3; D2 3.31, P = 0.03; D3 3.03, P = 0.13; D4 4.28, P = 0.006; D5 3.57, P = 0.03). The sham group also demonstrated a significant effect for Time (F 2.6,23.5 = 6.33, P = 0.004) for the same analysis. Post hoc tests showed a significant difference from baseline pain intensity on the fourth and fifth day of treatment (mean difference from baseline VAS scores: D1 1.09, P = 0.5; D2 1.29, P = 1; D3 2.05, P = 0.3; D4 2.49, P = 0.02; D5 2.28, P = 0.02).
Considering only patients with neuropathic pain from both treatment groups, the evaluation of daily VAS pain scores by repeated-measures ANOVA demonstrated a significant effect for the factor Time (F 2.62,28.85 = 12.19, P < 0.001), but not for Time ÂGroup (F 2.62,28.85 = 1.18, P = 0.3) or Group (F 1,11 = 0.29, P = 0.6) factors. The between-groups comparison of mean VAS pain scores at baseline and after each day of intervention, among patients with neuropathic pain, is depicted in Figure 3 .
Repeated-measures ANOVA of VAS pain scores from patients with neuropathic pain in the tDCS group showed a significant effect for the factor Time (F 1.8,8.98 = 5.32, P = 0.03) within subjects. Post hoc tests did not demonstrate any statistically significant difference between baseline VAS pain scores and the consecutive days of intervention (mean difference from baseline VAS scores: D1 0.45, P = 1 D2 2.93, P = 0.8; D3 2.65, P = 1; D4 4.53, P = 0.2; D5 3.3, P = 0.9). Patients with neuropathic pain from the sham group also demonstrated a significant effect for the factor Time (F 2.64,15.82 = 9.06, P = 0.001) for the same analysis of VAS scores. Post hoc tests demonstrated a statistically significant difference between baseline pain intensity and pain intensity on D2, D4, and D5 (mean Overall, the mean percentage of VAS pain intensity reduction after 5 days of treatment was 62% ± 40% in the tDCS group and 40.4% ± 30.9% in the sham group (w 2 , P = 0.20). From these results, post hoc tests were carried out to elucidate the analgesic effects found in both the groups. Considering a 30% pain reduction cutoff, there were 8 (80%) responders in the tDCS group and 7 (70%) in the sham group (Fisher exact test, P = 1.00). When this cutoff was raised to 50%, the distribution changed to 8 (80%) responders in the tDCS group and 3 (30%) in the sham group (Fisher exact test, P = 0.03).
The effects of the intervention on PPT, pain aspects, and TUG are depicted in Table 3 . Although there were significant differences in the intragroup analysis for most of these variables, similar behavior could not be found for between-group comparisons. wThese sensations were restricted to the area underneath the electrodes or the surrounding area. zThe hyperemia was noticed by the researchers delivering the stimulation at the end of the first session of treatment. The hyperemia was restricted to the area under the cathode, lasting 1-2 minutes, resolving without any specific intervention. The patient also felt a pulsing sensation from the 15th to the 20th minute of that stimulation. This patient only felt a transient tingling sensation on the second, third, and fifth sessions of treatment.
tDCS indicates transcranial direct current stimulation. 
DISCUSSION
The present study demonstrated that tDCS applied in patients with HTLV-1 infection and chronic pain resulted in a similar analgesic effect to sham treatment, with no difference between them when 30% decrease in pain was considered. However, this was observed in a greater number of patients who presented Z50% reduction in pain intensity in the tDCS group. Both tDCS and sham treatment groups presented a high incidence of AEs, especially during the first moments of treatment, and this occurrence may have accounted for the presence of clinically important placebo analgesia. In addition, there was an improvement in sensory-discriminative and affective-motivational aspects of pain and gait performance in both treatment groups. Nevertheless, PPT did not change in either group.
The main hypothesis of this study was that the tDCS treatment would provide significant pain intensity reduction in patients with HTLV-1 infection and chronic low back and/or lower limbs pain, which was not supported by our findings. Although the study group that underwent active tDCS intervention experienced significant analgesia, similar effects were observed in sham group. Analogous results were demonstrated for patients who presented chronic pain with predominant neuropathic components. These findings might be partially explained by the occurrence of important placebo analgesia. The most probable explanation for the occurrence of a placebo effect of this magnitude might be related to the elevated incidence of AEs in the study, which could have led the majority of the patients to perceive that they were being actively stimulated. This could have affected the perception of treatment and expectations regarding the outcomes of the intervention. 36 In turn, the increased rate of AEs could be attributable to the high electric current density, caused by the combination of smaller sized electrodes (25 cm 2 ) and 2 mA current used in the protocol. In addition, as patients in our academic center were not previously exposed to experimental studies involving tDCS, their expectations with the procedure might have been higher compared with participants in other studies, thus increasing placebo effect.
One important point is blinding of tDCS. Although recent studies in pain-free participants have questioned the blinding efficacy of tDCS, 37 it is important to note that blinding is different for naı¨ve participants 38 and in clinical trials-such as this one. In fact, a recent clinical trial showed that blinding effectiveness of tDCS was similar to placebo pills-the gold standard of blinding method. 39 Also, given the large placebo response, it is conceivable to consider that blinding was at least partially effective. Recent experiments are testing the use of topically applied anesthetics before tDCS as to decrease minimal pain and itching associated with the effects of the electrical current, thus to decrease placebo response. 40 An issue that merit further investigation is the nature of pain in HTLV-1 infection. Previous studies have shown that a high proportion of these patients have chronic low back and/or lower limbs pain of mixed origin. [6] [7] [8] In general, there is no overall preponderance of neuropathic over nociceptive pain; nevertheless, when superimposed, neuropathic pain characteristics are usually more disabling. [7] [8] [9] Although the mechanisms of chronic pain in this setting are not clear, they might be related to spinal cord inflammation, peripheral neuropathy, or mechanical disturbances due to lower limbs spasticity. 6 In addition, as it has been demonstrated in other chronic low back pain syndromes, 41 supraspinal neuroplastic changes might also take part in chronic pain mechanisms in HTLV-1 infection. Favoring a role of musculoskeletal imbalances and deconditioning as associated factors in this setting, our group has shown that 2 different exercise interventions had significant analgesic effects in patients with chronic low back pain infected with HTLV-1. 42, 43 If mechanical factors play a major role in this condition, perhaps the parameters of stimulation could be changed to decrease spasticity and improve motor control.
Previous studies have shown that anodal tDCS over the M1 results in improvement of motor performance. 20, 44 Therefore, it was expected that tDCS would improve gait performance in the present study. However, as both groups demonstrated improvement in this task, as well as in VAS pain scores, we hypothesize that gait performance improvement was not directly caused by tDCS. Analgesia, or even the nonanalgesic placebo effect, might explain the improvement in gait.
Some limitations of this study should be regarded. The use of drugs that have direct effects over the central nervous system was not controlled. This could account for some of the heterogeneity observed in the effects of the tDCS, as some of these substances can interfere with the neuromodulatory properties of the intervention. 34 The use of smaller electrodes in the present protocol might cause difficulties to compare the results of this investigation to previous studies evaluating the effects of tDCS in patients with chronic pain. At last, placebo analgesia acted as a confounding factor for the association between tDCS and decrease in VAS pain scores, as previously discussed.
In the context of this preliminary, exploratory study with a small sample size, our findings suggest that there is no difference between sham and active anodal tDCS over M1 with 2 mA for 20 minutes for 5 consecutive days for reducing pain intensity in HTLV-1-infected patients with chronic low back and/or lower limbs pain. Further, studies should optimize parameters of stimulation to decrease the rate of AEs associated with the intervention and so minimize the occurrence of placebo analgesia.
